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Noise gratings in diffuse-object holograms recorded as volume phase holograms in bleached silver halide emulsion
are experimentally analyzed. Measurements of the diffraction efficiency and the noise of the holograms are
taken. The experimental results obtained show that there is a drop not only in the diffraction efficiency but also
in the noise that is due to the presence of noise gratings.
Bleached silver halide emulsions have long been used
as a medium for recording volume phase holograms.
Unfortunately, while the resulting phase hologram
has a high diffraction efficiency, it is usually ac-
companied by an increase in the scattering of light
and a consequent reduction in image quality. It is
well known that the principal source of noise in
phase diffuse-object holograms is the low-frequency
random-phase pattern caused by the self-interference
of light from the extended object',2 ; however, in this
Letter we show that noise gratings can be an impor-
tant source of noise in diffuse-object holograms when
the photochemical processing used introduces very
small thickness changes.
Previous papers have reported the effects of dif-
ferent parameters on noise grating properties, such
as the influence of the exposure and recording and
readout wavelengths3' 4 on the efficiency of these grat-
ings as well as the influence of polarization,' 6 beam
ratio, 7 photochemical processing, 8 -'0 and coherence of
the recording light."1 Furthermore, from a theoreti-
cal point of view, some models 12" 3 have been devel-
oped that have produced good agreement between
experimental and theoretical results.
Nevertheless, all the aspects mentioned above re-
garding noise gratings have been studied with a sin-
gle collimated beam or two collimated beams of light
at recording, and with focusing elements such as holo-
graphic lenses,"4 but to our knowledge the presence
and the analysis of the characteristics of noise grat-
ings in diffuse-object holograms have not been stud-
ied until now.
In this Letter we experimentally analyze noise
gratings in diffuse-object holograms recorded in
bleached silver halide emulsion. The aim of this
study is to present experimental measurements of the
diffraction efficiency and the noise and to show that
noise gratings recorded during the formation of the
hologram influence these holographic parameters.
The object used consisted of a uniformly transil-
luminated square glass diffuser 2 cm x 2 cm with
an opaque 1 cm x 1 cm square in the center. The
distance of the object from the recording medium
was 30 cm, and the reference beam was collimated to
form a 37.5° angle with the normal of the holographic
plate, which was parallel to the object. The record-
ing wavelength was 632.8 nm from a He-Ne laser.
Polarization was perpendicular to the plane of inci-
dence, and the reference-to-object beam ratio was 5.
A series of holograms, for which the exposure ranged
from 10 to 300 juJ/cm 2 , was made with plates of
Agfa Gevaert 8E75 HD, a fine-grain emulsion. We
eliminated spurious reflections by placing an index-
matched absorbing layer against the glass side of the
photographic plates. The exposed plates were de-
veloped in PAAAC developer. The developed plates
were rinsed briefly and bleached without a fixation
step. Two types of bleach bath were used in these ex-
periments: R-10 and EDTA. Both of them are re-
halogenating bleach baths. The resulting emulsion
thickness change introduced with these rehalogenat-
ing baths is very small (<0.05 Am) in the nominally
6-,um-thick film.8 Also, it is assumed that the aver-
age refractive index does not change appreciably as a
result of processing.8 Because the thickness and the
average refractive index of the holographic recording
material show little change when this chemical pro-
cessing is done, the reconstruction geometry of the
holograms corresponding to maximum diffraction ef-
ficiency will coincide with the construction geome-
try if the recording and the readout wavelengths are
equal. This implies that Bragg's law will be com-
plied with in the reconstruction stage. Details of
the processing schedule as well as the developer and
bleach formulas are given in Tables 1 and 2.
Once the holograms were processed, the next step
was to find their diffraction efficiencies and trans-
mittances as a function of the reconstruction angle
in order to show the presence of noise gratings. Pro-
cessed holograms were replayed by the conjugate of
the collimated reference wave, and the diffracted out-
put beam formed the real image of the object. The
noise was measured as the ratio between the light
intensity in the central square of the reconstructed
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Table 1. Processing Schedulea
Step Procedure Time (min)
1. Develop 3
2. Rinse in running water 1
3. Bleached 3
4. Wash in running water 5
aAll solutions at 2000.
Table 2. Developer and Bleach Bath Formulas
PAAAC developer
Sodium carbonate 120 g
Ascorbic acid 18 g
Phenidon 0.5 g
Distilled water to make 1 L
R-10 Rehalogenating bleach bath
Potassium dichromate 2 g
Sulfuric acid 10 mL
Potassium bromide 35 g
Distilled water to make 1 L
EDTA Rehalogenating bleach bath
Ferric sulfate 30 g
EDTA disodium salt 30 g
Potassium bromide 30 g
Sulfuric acid 10 mL
Distilled water to make 1 L
object and the incident light intensity. The diffrac-
tion efficiency, the transmittance, and the noise were
measured as a function of the replay angle with the
same wavelength and polarization used during the
recording stage. Measurements were obtained at 10
increments around the angle of the reference beam.
In all cases we corrected the experimental measure-
ments by taking into account the losses that were
due to the reflection at the two surfaces of the plates.
We expected the noise grating efficiency to be quite
pronounced when no fixation step was used and that
this would give rise to a reduction in the diffraction
efficiency.
Plots of the diffraction efficiency and transmittance
as functions of the reconstruction angle are shown
in Fig. 1. Figure 1(a) corresponds to a diffuse-object
hologram for which a fixation step was used in pro-
cessing, whereas for Figs. 1(b) and 1(c) no fixation
steps were used. As can be seen from Figs. 1(b) and
1(c), peak diffraction efficiency is not observed at the
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Fig. 2. Comparison of the diffraction efficiency and the
noise for diffuse-object holograms processed without fixing
and definition of the efficiency of the noise gratings AI,,
and the influence of the noise gratings on the total noise
AN: (a) when R-10 was used, (b) for the case of EDTA.
Bragg angle (37.5°), because there is drop in the ef-
ficiency for this reconstruction angle. This drop is
due to the presence of simultaneously recorded scat-
ter noise gratings, which were formed over the entire
hologram surface by interference between the main
recording beams and those scattered from the silver
halide grains. In Fig. 1(b) the curve is not symmet-
rical around the recording angle and there is a little
displacement in the angular response, which is not
centered in the reference angle. Because the thick-
ness and the average refractive index of the emulsion
have not changed with the processing used, this dis-
placement in the angular response could be caused
by shear-type effects.'4" 5 However, in Fig. 1(a) the
displacement in the angular response is due to the
presence of considerable emulsion thickness.
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Fig. 1. Diffraction efficiency and transmittance as a function of the reconstruction angle: (a) when a fixation step was
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Fig. 3. Parameters AI,, and AN as a function of expo-
sure.
In Fig. 2 we compare the diffraction efficiency and
the noise for diffuse-object holograms processed with-
out any fixing. As is shown in this figure, there is
a drop that is due to the presence of noise gratings
not only in the efficiency but also in the noise. Ad-
ditionally, the curve for the noise is not symmetrical
around the recording angle when an R-10 or EDTA
bleach bath is used. To obtain a quantitative mea-
surement of the intensity scattered by noise gratings
we define the efficiency of the noise gratings, AI,, as
the difference between the peak diffraction efficiency
and the efficiency at the reference angle, as shown in
Fig. 2. AI,, will be the maximum efficiency of noise
gratings and corresponds to the reconstruction geom-
etry in which Bragg's law is complied with for all
elementary gratings of the noise gratings. A similar
definition is considered for analysis of the drop in the
noise due to noise gratings, AN.
Figure 3 shows the calculated values for AI, and
AN as a function of exposure for replay at Bragg
incidence. It can be observed that the loss of ef-
ficiency that is due to noise gratings takes values
between 2.36% and 8.20% when R-10 is used and be-
tween 0.78% and 4.64% in the case of EDTA. On the
other hand, AN varies between 0.09% and 0.19% for
R-10 and between 0.02% and 0.11% for EDTA.
These data show that significant differences in AI,
and AN appear when the bleach bath is varied.
In summary, we have demonstrated the forma-
tion of noise gratings during the recording of diffuse-
object holograms in bleached photographic emulsion.
These noise gratings have a significant influence on
the final characteristics of the diffuse-object holo-
grams, especially as regards diffraction efficiency and
noise. Finally, the experimental results of this Let-
ter are important when holograms for optical storage
or optical interconnections'6 are recorded.
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